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SPIN-TUNNEL TESTS OF A 1/57.33-SCALE MODEL
OF THE NORTHROP XB-35 AIRPLANE |

By Robert W, Kamm and Philip W. Pepoon
SUMMARY

At the request of the Army Air Forces, Materiel
Command, a 1/57.33-scale model of the Northrop XB-35
alrplane has been tested in the NACA free-spinning
tunnel in order to determine the spin characteristics
and the tumbling tendencies of the alirplane. The
XB-35 airplane is a large four-engine bomber of the
flying-wing type. It has elevon control surfaces which
are used as allerons or elevators. The alilrplane is
equipped with conventional split flaps whose pitching
moments are trimmed out by piltch flaps at the wing tips.
The rear portions of the pitch flaps are split and can
be deflected as rudders.,

The spin tests indicated that for the normal loading
condition the model would not spin in the direction of
the rudder for either the clean or the landing condition
unless the wheel was set over with the rudder. The
results indicated that recovery from this spin could be
effected by pushing the stick forward and reversing the
wheel, leaving the rudder with the spin. Reversing the
rudder retarded recovery. The spin characteristics were
not appreciably affected by changes in the lcading condi-
tion, although moving the center of gravity forward to
20 percent of the mean aerodynamic chord was beneficial.

The model would tumble in thke normal loading con-
dition but would not tumble when the center of gravity
was moved forward to 20 percent of the mean aerodynanic
chord.




INTRODUCTIORN

The Northrop XB-3%5 airplane is a four-engine bomber
of the flying-wing type with pusher propellers. NACA
low-drag airfoll sections are used in the wing design.
For controlling the airplane, combination elevators and
allerons termed "elevons" are deflected in the same
direction for longitudinal control and differentially
for lateral control. Piteh flaps outboard of the elevons
are used for sdditional longitudinal control to trim the
airplane when split flaps are deflected for landing or
take~-off., The rear portions of the pitch flaps are
split and can be deflected up and down equally independent
of the pitch-flap position to act as rudders for direc-
tional control. As was requested by the Army Alr Forces,
Materiel Command, tests were performed in the WACA free-
spinning tunnel to determine the spin characteristics
and tumbling tendencies of a 1/57.33-scale model of the
airplane.,

For the tests, the normal loadlng condition of the
model corresponded to that of the alrplane with maximum
bomb load and outboard fuel. The spin characteristics
of the model in the clean condition were determined for
‘the normal loading and for various alternate loadings.
The landing condition was also investigated. The tumbling
tendencies were determined for the model in the normal
loading condition and also with the center of gravity
moved forward of normal. The effects on tumbling of
pitch~-flap setting, landing-flap deflections, rudder
deflections, slots, and spoilers were Investigated.

SYMBOLS
S wing area, square feet
b wing span, feet
c wing chord, feet
c mean aerodynamic chord, fes

x/c  ratio of distance of the center of gravity roarward
of leading edge of the mean aerodynamlc chord
to the mean aerodynamic chord
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- Z/C

ratio of distance from the center of gravity
to the wing=-root_ chord line to the mean
.aerodynamic chord, nesitive when the center
of gravity is below the wing -root chord
11ne

‘mass of alrplane; slugs

moments of inertia about the X, Y, and Z body
axes, slug-feete

inertia yawing-moment parameter

inertia rolling-moment parameter

inertia piltching-moment parameter

Rolling mome nt
23

rolling-moment coefficient,
29
Yawing moment

vawing-moment coefficient,
%PVZbS

alr density, slugs per cuble foot

acute angle between the vertical and the wing-
root chord line (anproximately equal to the
aebsolute value of angle of attaclk at the
plane of symmetry), degrees

angle between span axis and horlzontal,
degrees

full-scale true rate of descent, feet per
second

full-scale angular veloclty about spin axis,
revolutions per second



o} helix angle, angle between the flight path and the
vertical, degrees (For this model the absolute
value of the helix angle was approximately 6°)

B approximate angle of sideslip at the center of
gravity, degrees (Sideslip is inward when the
inner wing is down by an -amount greater than
the helix angle)

APPARATUS AND METHODS

Model

The 1/57.3%-scale model of the Northrop XB-35 air-
plane used in the tests was furnished by the Army Alr
Forces, Materiel Command and was prepared for testing
by the Langley Memorial Aercnautical Laboratory. The
dimensional characteristics of the airplane are given
in table I. A three-view drawing of the model with the
landing gear extended and slots open 1s given in fig-
ure 1. Propellers were not simulated on the model Tor
the tests. Photographic views of the model are shown
in figure 2.

The model was ballasted with lead weights to main-
tain dynamic similariiy to the alrplane at an altitude
of 20,000 feet (p = U.001267 slug per cubic foot). A
remote-control mechanisr was installed in the model to

actuate the controls for the recovery tests.

Wind Tunnel and Testing Technique

The tests were performed in the NACA 20-foot free-~
spinning tunnel, which is similar in operation to the
15-foot tunnel described in reference 1.

" Tre data presented were determined by the methods
described 1n reference 1 and have been converted to
corresponding full-scale values. The turns for recovery
are measured from the time the controls are moved until
the spin rotation ceases. A recovery which requires
more than two turns 1s considered unsatisfactory. For
the conditions for which the model recovered when
launched in a spinning attitude, the data are recorded
as 'Wo spin." For the spins which appeared steep and had
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a very high rate of descent it was difficult to obtain
quant1tat;ve data, and the spin is recorded as a "steep
spin.t

PRECISION

The results are believed to be the true valués‘
glven by the model within the following limits:

Ay, AL & v v 4 v 4 e e e s s e e e e e e e e e e EY
] ABE v v v e e e e e e e e e e e e e e e e Larile ED
V, percent . o ¢ v v o o 4 e e s s e e e v e e e e . E2
O, percent . v 4 v 4 v e e e e e e e e e e e Ty 4B

t% turn when obtained
i

from film records
Turns for recovery . . . « . +

1 . . -
ig turn when obtained
from observations

4

The preceding limits may have been exceeded for
certain cases in which it was difficult to handle the
model in the tunnel because of the high rate of descent
or because of the wandering or oscillatory nature of
the spin.

Comparison between model and airplane spin results
(references 1 and 2) indicatcd that the spin-tunnel
results were not always in complete agreement with the
full-scale airplane results. In general, modsls spin
at a somewhat smaller angle of attack, at a somewhat
higher rate of descent, and with from 50 to 10° more
outward sideslip. The comparison made in reference 2
showed that 80 percent of the model recovery tests pre-
dicted satisfactorily the corresponding full-scale
recovery and that 10 percent overestimated and 10 per-
cent underestimated the full-scale recoveries. -

Because of repeated damages to the model during the
tests, the weight and mass distrlhutlon varied by the
folloWan values:

“elﬁbt o o e . « « 2 percent low to 1 percent high
Center of mravity . . 0.01¢ forward to 0.03C rearward
Ix « v ¢« ¢ .« .+ . .5 percent low to 10 percent high

,_..

Iv « v v v ¢« o . + . ¢« 5 percent low to 12 percent high
Ig ¢« « ¢« . .+ « +« « . 5 percent low to 13 nercent hish




TEST CONDITIONS

s

Spin tests were made for the conditions of the
model 1istéd in table IT. The normal loading condition
of the modél corresponded to the following mass distri-
bution of the full-scale airplane with the landing gear
retracted: ‘

XVeight, 1b L] .. . . L4 . ] . * . - . . .n' . . . . 155,0(30
¢ L] . . . L] L] . L] . . . L] . L] . . L] . . . . 00275

x/& .
Z/a . . . ° . . . . ] . . . . . . . . . . . . —O 'O:].’..l.
IX, S“lug‘ftz . . . . . . . . . o . . . . . . 5,380 .,OO":)
IY, Slug‘ftz s . i LI . . . L] . . . . . . » . . L!.BB,BOO
Tg, slug-ft% . . v v v v v v e e o e . 3,769,000
Ix - Iy

=L b A 1o~k
mb&

—‘:E"L.*‘“‘]E’Z—' [ . - Y . . 3 . 3 . . . . . . . -23.’4. X lo-)"!-

“"-‘Z_—"‘—"X““ . . . 3 . . . . . . . . . . . LI 27 X ].O-LL

The elevon deflections used are shown cn figure 3.
1t may be noted that a longitudinal movement of the
stick (wheel neutral) deflects both elevons equally in
the same direction, whereas & lateral movement of the
wheel deflects one elevon up and the cther .one down.

The maximum control deifilections used were:

Elevons as elevators, deg « « « « « + . 20 up, 10 down
Elevons as ailerons, deg .« « « « « . « 15 up, 15 down
Pitch flapg, deg .+ « « o« o ¢ ¢« « « « « 30 up, 15 down
RUGAErS, @EEZ « o+ o+ + « o « o o » + o+ o b0 up, 60 down

The rudder cdeflections were indepencdent of pitch-
flap settings. TFor example, when the nitch flaos were
107 up, pusking the right rudder pedal forward (rudder
with a right spin) deflected the split rudders on the
right pitech flap 700 up and 50° fown from the wing
chord while the rudders on the left nitch flap remained
undeflected,

LY -
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For the clean condition with landing gear retracted,
variations in mass distributlon were tested in order to
allow for the limits of accuracy of the computed full-
scale and model values and also to allow for any re-
arrangement of loadling whlch might lead %o a spinning
condition from which recovery might he slower.

In the landing condition, the landing flaps were
deflected 60°, the landing gear was extended, the nitch
flaps were deflected up 30, and the leading-edge wing
slots were opened. )

For a few tumbling tests, two alternate sets of
spollers were tested, mounted perpendicular to the wing
surface. One set was installed on the top and bottom
of the wing along the l5-percent wing chord line and
extended from the wing tips inboard 20,percent of the
semispan. The height of the spoilers was 10 percent
of the wing chord. The second set was installed along
the top and bottom of the wing along the 15-percent
wing chord line and extended from the root section
outboard 60 percent of the semispan. The height of
these spollers was 6 percent of the wing chord.

RESULTS AND DISCUSSION

The results of the spin tests are presented in
charts 1 to 9. The steady-spin data given on the charts
have heen converted to full-scals values for the air-
plane operating at an altitude of 20,000 feet. Data are
given for a, he angle of the wing chord to the
vertical, #, the angle of the span axis.to the hori-
zontal, V, the rate of descent, and £, the angular
velocity about the spin axis. The angle of sideslip @
at the center of gravity may be determined approximately
from the relation @ = @ - 0, where o = 69 for this
model., Preliminary tests indicated that results obtained
for right and left spins were very similar, All data
presented herein are in terms of right spins, that is,
for the airplane turning to the pilot's right. The
results of the tumbling tests are precented in tables IIT
and IV.




Spin Tests - Clean Condition
Normal loading.- The test results for the model
in the clean condition, normal loading, are shown on’
chart 1. At the normal spinning control configuration’
(stick full back, wheel neutral, and rudders full with
the spin) the model would not spin. A moderately stsep
spin, which appeared quite normal in spite of the
unconventionality of the wmod2l, was obtained when the
stick was full back and the wheel was set with the
spin (wheel right in a right spin). Recovery from this
spin could not be effected by rudder reversal. W%hen
the stick was neutral and the wheel was full with the
spin, the model spun steeply with an oscillation in
pitch- and may have oscillated out of the spin i1f 1t had
not struck the net first, The mcdel would not spin for
any other combination of stick-wheel positions tested.

When the rudders were neutral, spins were obtained
for all stick positions when the wheel was full with
the spin and also when the stick was neutral or full
forward and the wheel was neutral.-

When the rudders were against the spin, the wmodel
spun for all stick and wheel positions except wheel full
against the spin, stick neutral or full forward. In a
few cases, recovery was attempted by moving the rudders
to full with the spin. ©No recovery was effected from
the spin with the stick back and the wheel with the
spin, but the indications were that reccvery could be
effected in this manner from the other cpins obtained.
These results indicate that, for the XB-35 airplane,
recovery by the conventional technique - rudder reversal
followed by forward movement of the stick - wculd not
he pnossible. :

Results of tests made with the model in the clean
condition but with the slots open are »nresented on
chart 2. With the rudder full with the s»nin, the results
obtained were similar to those obtained with the siots
closed, With the rudder full against the snin, however,
the model spun for fewer control settings than with the
slots closed, '

The effects of maximum pitch-flap setting were
determined with the model in the normal loading condi-
tion, Deflecting the pitch flaps up had little effect
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on the spin characteristics, and the results are not
presented in chart form. The results obtained with the
pitch flaps. full down are presented on chart 3. With
the rudders full with the spin, the results were
similar to those obtained with the pitch flaps neutral
With the rudders full against the spin, however, the
model spun for fewer control settings than with the
piltch flaps neutral, Use of the conventional recovéry
technique, therefore, would probably have given satis-
factory recovery.

Mass variations.- The effects of changes in the
mass distribution of the model in the clean condition
are given in charts L to 7. Increasing the longitudinal
loading (Iy and Iy increased by 30 percent of Iv) .

was adverse in that the model snun for more rudder-with
control settings than for normal loading. Recoveries
by reversing the rudder from the splns obtained were
unsatisfactory.

Moving the center of ravity 7.5 percent of the
mean aerodynamic chord forward of normal {(that is, to
20 percent mean aerodynamic chord) was beneficial in
that, when the rudders were against the spin, the
mod2l would spin only with the stick back. Recovery
by use of the conventional technique, or by clevator
reversal alone, would probably have been satisfactory.

Moving the center of gravity 5.8 percent of the
mean aerodynamic chord rearward of normal (that lu,to
33.3 percent mean aCPOdYHdMlu chora) was adverse in
that when the rudders were with the spin the model sgpun
for all control settings except when the wheel was full
againet the spin. A satisfactory recovery by rudder
reversal alone was effected only from. the spin at the
normal control configuration. When the rudders were
against the spin, spins were obtained only when the
wheel was full with the spin,

With the center of gravity moved 11.6 percent of
the mean aerodynamic chord rearward of normal (that is
at 39.1 percent mean aerodynamic chord), %c model
spun for most control positions Wecovori g obtained
were generally satisfaotory e8x cppt from tne spin made
with the wheel full with the spin, stick neutral or
full back. The model would not spin for any control
position when the rudder was against the spin.
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Extending mass along the wing (Ix and Iy increased
by 30 percent of Ix), retracting mass along the wing
(Ix and Iy decreased by 10 percent of 1Iyx), or retract-
ing mass longitudinally (Iy and Iy decreased by
30 percent of Iy} had no apprsciable effect on the spin
characteristics.

Explanation of results.~ Inasmuch as the results
were unusual in that, for most conditions, spins were
obtained for more stick-wheel positions with the rudder
against the spin than with the rudder with the spin,
snecial tests were made to measure the aerodynamic
momentes produced by the rudders through a large angle-
of ~attaclk range on the free-~-flight tunnel balance in
order to determine if this unusual behavior could be
explained by the aerodynamic moments. For these tests,

he elevons were neutral and the rvdders on the left
“wing tip were fully extended while those on the right
wing tip were neutral. Increments of yawing- and
rolling-moment coefficlients with respect to body axes
due to the rudders are presented on figure /.., The
yawing-moment curve obtained was not unusual, and the
yawing-moment coefficient increased with angle of attack.
The important point brought out by the figure is that
left rudder gives a large rolling moment to the right.
If the data on figure L are considered to be for rudder
against a right spin, it can be seen that for rudder
against the spin the rolling moment would tend to roll
the model with the spin.

Tre results of the spin tests of the model in the
clean condition (charts 1 to 7) were in general agree-
ment with the findings of the balence tests and indi-
cate, therefore, that the aerodynamic rolling moments
oroduced by the rudder are a possible explanation for
the differences between the rudder-with and the rudder-
against s»in characteristics. The results of the s»nin
tegts of the model with the center of gravity rearward
of normal (charts 6 and 7), howsver, are in disagree-
ment with the general trend in that the medel would
spin fer fewer control configurations when the rudder
was against the svin than when it was with the spin.

Inverted spins,- Excent for the nacelles, the
model was essentially symmetrical ersct and inverted,
It was thought that the erect and inverted spin
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cnharacteristics would have besn similar except, of courss,
for the-.differences in control settings. Inverted-spin
tests were accordingly not made, but it is believed that
rudder-with spins would probebly have been obtained onily
with the wheel to the opposite. side from the ruddsr
{controls crossed) and the sbtick neutral or full forward.
Recovery by rudder reversal would probably have been
impossible. The model would probably have spun for.most
stick-vheel positions with the rudders against the spin.

3pin Tests - Landing Condition

The results obtalned with the model in the landing
condition are presented on chart 8. With the rudder set
with the spin, the results were similar to those obtained
in the clean condition. %Yhen the rudder was against the
spin, rowever, spins were obtained for all elevon settings.
Results of tests made with the meodel in the landing con-
dition but with slots closed were generally dimilar to
those obtained with slots epen (chart 2).

dicated that
moving the rudders to against the apin was gencrally
ineffective in producing recovery from spins. It
appears that, for optimum recovery from erect spins,

the rudders should be kept full with the =pin, the stick
should be put full forward, and the.wheel should be
moved full against the spin. The model would not spin
with these control positions for any condition tested,
and it is believed that rapid recoveries would be effected
Py using this control manipulation. Por inverted spins
it is recommended that the rudder be kept with the spin,
the stick be put full back, and the wheel be moved to
the same side as the rudder .(controls together).

Tumbling Tests

Normal loading.- Tumbling tests were made with the
model in the normal loading, clean conditlon with the
pitch flaps and ruddsrs neutral. Results obtained when
the model was released without rotation in a nose-up
attitude simulating a whin stall are presented in..
table ITII. ™hen the stick was full forward the model
gometimes started to tumble, that is, rotate abeunt the
lateral axis, and sometimes executed a series of extreme
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oscillations in pitch dur%ng which the model would
piteh through almost *180° measured from the nose-down
attitude. This oscillation appeared to be only lightly
damped. For stick neutral or back, the model did not
start te tumble but went into dives with extreme oscil-
lations in pitch. The results of tests made in whicnh the
model was launched with an initial pitching rotation are
presented in table IV. When launched with an initial
pitcrhing rotation, the model continued to tumble regard-
less of stick-wheel position. This was true when the
model was launched with either positive or negative
pitching rotation. The vertical component of velocity
during tumbling was calculated to be approximately

22)) feet per second, full scale, and the horizontal
component of velocity, approximately @1 feet per second,
full scale. The rate of rotation was approximately
0.56 revolution per second, full scale

Mesg variation.- With the center of gravity moved
forvard 7.5 ne“cent of the mean aeroiynamxc cnord
(that is, at 20 percent of the mean aerodynamic chord),
the model generally would not continue to tumhle vhan
launched with an initial pitching rotation but woula go
into a dive with extreme oscillations in pitch,

Effect of rudders as dive omakvc.~ *ith both
rudders fully extended as dlve brakes, the model con-
tinued to tumble when launched uwth initial rotation
except when the stlck was full back and the model was
launched with negative pitching rotatlon. For this
condition, the model sometimes stopped tumbling and
went into an osclllatory dive and sometimes stopped and
then started to tumble with positive pitching. The
behavicr of the model with the rudders on one wing open
was generally the same as with voth rudders open.

Effect of pitch-flap setting.- With both pitch flaps
deflected up %00, the results obtained were similar to
those with both rudders fully extended. With both pitch
flaps deflected down 15 the model continued tumbling
regardless of the dlrection of initial pitching rotation
or of stick and wheel position.

Effect of landing flaps.~- With the landing flaps
deflected, the model generally continued tumbling. With
the pitch flaps set full down and the landing flaps
deflected, the model would not tumble when launched with
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positive pitching rotation with the stick neutral or full
forward. Similar results were obtained when the rudders
on one wing were opened and the landing flaps were
deflected. : ‘ .

Outboard spoilers.- Ihstallation of outboard spoilers
on the wing had no appreciable -effect on tumbling.

Slots.~- Opening theﬂléadingéédge slotsfappeared to
have Iittle effect on tumbling. When the siots were

. opened and spollers mounted on the inboard part of the

wing were fully extended, the rmodel sometimes continued
to tumble when launched with initisl negative rotation
with the stick back and sometimes stopped tumbling and
went into an oscillatory dive. When the slots were open
and. the rudders on one wing were extended, similar
results were obtained., .

The preceding results indicate that the tumbling
tendencies of the model were most improved by moving:
the center of gravity forward. "Opening the rudders on
one or both wings appeared to be somewhat beneficial.
Deflecting the pitch flaps up and moving the stick full
back diminished the tendency of the model to tumble
with negative rotation, and putting the landing flaps
and pitech flaps down and moving the stick forward
diminished the tendency of the model to tumble with
positive rotation.

CONTROL FORCES

All results presented herein indicate the effective-
ness of controls without regard to the forces apnlied.
Because of the large size of the alrplane and the high
rates of descent in spins and tumbles, it is probable
that the-control forces will be high. The actual loads
developed during the maneuvers may also be high and may
exceed the structural strength of the ailrplane. e

_ CONCLUSIONS

The modél results indicate the following spin and
tumbling characteristics for the XB-35 airplane:
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1. Spin characteristiecs:

(a) When the rudders are with the spin, the alrplane
in the normal loading, clean condition will spin only
when the wheel is with the spin and the stisk is neutral
or full back. It will not be possible to effect recovery
from these spins by reversing the rudder. Inasmuch as
the airplane will spin for most combinations of stick-
wheel position when the rudders are against the spin,
the conventlonal recovery technique of reversing the
rudder and then moving the stick forward will not effect
recoveries, and it appears advisable to keep the rudders
with the spin.

(b) Increasing the longitudinal loading will cause
the airplane to spin for more control positions than with
normal loading. Recovery by reversing the rudders will
be unsatisfactory.

(¢} Moving the center of gravity 7.5 percent of the
mean aerodynamic chord forward will be somewhat bene-
ficial.

(d} Moving the center of gravity rearward will
cause the airplane to spin for more stick-wheel posi-
tions when the rudder is with the spin than for normal
loading but will reduce the number of stick-wheel posi-
tions for which rudder-against spins will 'be obtained.

(e) Extending or retracting mass along the wing or
retracting mass longltudinally will have 1little effect
on spin characteristics,

(f} With the airplane in the landing condition,
the spin characteristics will be generally similar to
those for the clean oondition.

(g) For best recovery, the rudders should be kept
full with the spin, the stick should be put full forward,
and the wheel should be put full against the spin.
Recoveries thus obtained will be rapid.

2. Tumbling characteristics:

(a) In the normal loading, clean condition, the
airplane may go into a tumble from a whip stall. Even
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1f it does not start tumbling,‘;t may experience extrsme

.:oscillations 1n pitch, +These 0§01llat10ns w111 be only
' lightly damped.¢ T CenenelT min X :

(b} Moving the center of gravity forward appreciably
will diminlsh the tnndenoy of. the s*rnlane to tumble.

(el When the landing and pltch flap “are down and
the stick is'forwdrd the alrplane will not- tumble with
positive rotation, and when the pitch Tlaps are up and
the stick is back the alrplane will not tumble with
negative rotation.

Langley Memorial Aeronautlical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., April 20, 19Ll.
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TAELE I.«~ DIMENSIONAL CHARACTERISTICS
OF NORTHROP XB-35 AIRPLANE

Wing span, it . . ¢ e 8 s s e e 4 e v s e e e 172
Length over all, ft e 4 s e s e e e s s e o« s« 50.9
Normal weight, lb . e e e« s o« s e » 155,000
Normal center-of-gravity location,

percent M.A.C. o v v ¢ ¢ & o o o o e 0 v e o0 o. 275

Wings
Area, sqQ Ft . v 4 v e v v e e . . . . Loz2o
Section = TOOt « + + « + + + + + . . . NACA 65,3~ $g
Section -~ tip . . . . .. . . NACA 65,%2-01
Wing twist, root to tip, deg e e e o
Aspect ratio . . . . e 58
Sweepback of leading edge of wing, deg . . . . 25, u
Dihedral 4t 25 percent chord line, deg . . . .
Mean aerodynamic chord, in. . . oo e e s 515
Leading edge M.,A.C. aft leading- edge
root chord, in. . . . « . . . e e e e 210
Flap chord, percent ¢ « « « « o v o+ « + . « « 211
Elevons:
Chord, percent ¢ . . . . . e e e e e v o« 17.8
Area aft hinge line, percent Wlng area . . . . 6.8
Span, percent b/2 . . . . . . . . A TN
Distance from normal center of gravity
to center of elevon hinge line, in. . . . . 202.2
Pitech flaps:
Total area, sq £t . . . e e e e e e e e 160
Pitch-flap area, percent of wing area . . . . L.o
Area aft of hinge line, sq ft . . . . e 160
Distance from normal center of gravity to
center of pitch~flap hinge line, in. . . . 254.0
Span, percent b/2 . . . . . . . . 00 . . 21.2

Rudders:

Total area split rudders, sq ft . . . . . . . 120
Distance from normal center of gravity to

center of rudder hinge line, in. . . . . . 26L.6
Span, percent b/2 . . , . . . . .+ . 4 . ... 21.2
Area, percent wing area . , . . . .« o o 3.0




TABLE II.- CONDITIONS OF NORTHROP XB=35 AIRPLANE
INVESTIGATED IN FREE-SPINNING TUNNERL

Rudder | Pitch-Ylap.
Number Cendition Loading | Type test settings settings Slots Spollers | Data on
(a) ' (deg) (deg)
1 Clean - - | A —-]- Spim %60 [0} Closed Nohe Chart 1
2 l, Open Chart 2
3 Down 15 | Closed Chart 3
4 Up 30 None
5 B V] . Chart 4
6 (o] Chart §
7 D Chart 6
8 E Chart 7
9 P None
10 a ) None
1 ¢ H A 4 None
12 . Landing A Up 30 Open Chart 8
13 v v Closed Chart 9
14 Clean Tumbling® 0 0 Teble ITI
15 v Tumbling® Table IV
16 c  J
17 A Both rud4
ders 460
18 +60 h 4
19 o] Up 30
20 J! l Down 185
21 Landing flaps 0
deflected
22 $60 w
23 Spoilers
installed 0 \''s Outboard
24 Clean Open None
25 Spoilers Inboard
Installed
26 Clean \i’ v +60 v None v
870adingss
A Normal,
B Iy and I; increased by 30 percent of Iy.
o] Center of gravity moved forward 7.5 percent of mean aerodynamic chord.
D Center of gravity moved rearward 5.8 percent of mean aerodynamic chord.
E Center of gravity moved rearward 11,6 percent of mean aerodynamic chord.
F Iy and Iz increased by 30 pereent of Ix.
G Iy and Iz decreased by 10 pereent of Ix.
H Iy and Iz decreased by 30 pereent of Iy.

PpModel released
CModel launched

with initial pitching rotation.

without rotation in a nose-up attitude simulating a whip stall.

NATIONAL ADVISORY
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TABLE III.- TUMBLING TESTS
[ﬁodel released in a nose-up attitude, simulating a whip stall]

Control position during tests t
Model Model Cont Tunnel airspeed Behavior of
loading |condition Rudders ontrol eolumn Pitch flaps fps, full scalé model
Longitudinally|Laterally :
Normal| Clean |Neutral Back Neutral | Neutral 1 Oscillated in
piteh through 5
almost +180°,
measured from
the nose-down
attitude
Left ‘
A4 Right
Neutral \L
Neutral
Forward
Neutral :
utra {/
Right Occasionally
tumbled
v Yo A\ 4 \'4 Left \'Z Yoo \L
i NATIONAL ADVISORY.

COMMITIEE FOR AERONAUTICS




TABLE IV.~ TUMBLING TESTS
]

Mode) given initial pitching rotation about 1ate£:1 axis. Tunne

airspesd for all tests was 172 fps, full scale,
Centrel positions during tests Direction
Nodel Model of initial
loading °°nditi°nlnuddor. Control colum Pitch flaps| Pitching Behavior of model
|Lengftudinally |Laterally rotation
Normal Clean [Neuhral Back Neutral Neutral Positive [Continued to tumble
Right
v Left
Neutral
Neutral
v Right
Farward
Reutral
Left
v
Negative
Neutral
Right
s &
Whutral
Keutral
v Left
Back
Neutral
y Right
J € 4
Center of gravity Neutral Stopped tumbling,
forward 7.5 per- went into dive
cent M.A.C with oscillations
in piteh
\V Left
Kputral
Neutral
Porward
Left \(
Posltive
Neutral
Neutral
J/ Left
Back Neutral )

Left Would tumble when
launched with
sufficlent trane-

¥ N lational velocity
Normal Both Neutral Continued to tumble
open
Right
Neutral
N Y N 2 Neutral Y iL
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS




TABIX 1V - Continued

Control 1t4 durd
pos ons during tests Di}'ae tion
Comtrol column of initisl
Model Model |Ruaders Pitch flaps{ Pitching Behavior of model
loading condition Longitudinally [Laterally rotation
Normal Clean Both Foryard Neutral Noutral Positive |Continued to tumble
open
Right
. Negative
Y lou'{rll
Neutral
’
Right
Y
Baok Stopped tumbling,
went into dlve
with oscillations
in pitch
\/
Neutral Stopped tumbling,
’ went into posl-
tive tumble
A 4
Right Sometimes stopped
open tumbling, went
into positive
tumble. Some-
’ timee continued
tumbling
Left
Right J Continued to tumble
Positive
Neutral
Left
v Y
Neutral Up 30
v Neutral
Neutral J,
Left
Forward
Neutral N7
Negative
A4 Left
Neutral
Neutral A 4
Back Stopped tumdling,
went into dive
with oscillations
N in piteh
Left Sometimes stopped.
Sometimes stopped
and went into
¥ positive tumbdd
N Down 15° Continued to tumble
N2 Neutral
Neutral
Left
Forward
Y h' 4 v Neutral ¥ v

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS




TABLE IV - Concluded

Contrel positl duri test
rodel oden ontrel positions during tests Direction
ode ode trol col of initlal
losding condition |pudders Gontrol column Piteh flaps| pitching Behavior of model
Tongitudinally|Laterally rotation
Normel Clean |[Neutral Forward Neutral Down 185° Positive Continued to tumble
Left
Neutral
\L Neutral
Baek \L
Lert
h' 4
Landing
flaps Y
down 60 Neutral Neutral
Y
Reutral
N\

Porward Sometimes stopped
tumbling, some-
times continued
tumbling .

N
Negative Continued to tumble
W
Down 15° | Positive N
Neutral Stopped tumbling,
went into dive
with oscillations
in piteh
Porward
WV e N4
Right Neutral
open
v 4
Neutral Sometimes stopped
’ tumbling, some~
times continued
tumblin
\'4 &
Right
Left
N2 v v
Outboard f{yeutral Forward Neutral Continued to tumble
apoilers
open
Neutral
eutr N/
\L Negative
Back
A 4
Slots
open
H v
Forward Positive
Slots and
center
spoilers 3
open N2 \/ A 4
Baek Negative Sometimes stopped
tumbling, some-~
times continued
’ \/ tumbling
N
Slots Left Stopped tumbling,
open open went into dive
° with oscillations
in pitch
N4 , N N4 P
WV N N2 Forward N Positive [Continued to tumble

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS




CHART s ~ EFFECT OF CONTROLS O SFIN CHARACTERISTICS OF XB~35 MCDEL WITR SLOTS CLOSED

anml loading; lending gear retracted; landing and pitch fleps neutral; recovery as indicated (steadyespin date presented for, and
Tecovery attempted fror, spins with initial rudder setting indicated); right erect sping

Rudders full against spin o Rudders neutral Rudders full with spin
36 | 3U 4410 44 | 2D
a, b
319 |10 319 l.18 X 298 [»20
d e
e, b oo ° po (V2
approx|366 No dpin do@ No a{pin
350
404/ No dpin ] o sipin
&
a8
26 3U B8 32 |0
a, b .
550421 350 [.21 teepiupin
e 1 Be |* >8
Bteedspin bteegspin d, £ No_spin |
o) >8 /
W
No dpin No dpin ° No spin
i
|8
Gk by o
»lo
25 |50 o[+ 28| 1p
361 .21 - 583 [.24 o _apin
H, f
‘T
approx [ 350 :>350 d 2% |No spin
No s{pin No dpin Nospin
a
pSpins with large radius. Model values a 2
JNanders. ) ted & (deg) | (deg)
dooovery Sttampias ny dd full with th correspondin v 0
ecovery attempted by moving rudder to full w e spin. corresponding
®Recovery attempted by moving rudder to full against the spin. full-scale values.. | (fps) | (rps) |
Visual observation. U inner wing up Turns for
D inner wing down recovery

oo means model would not recover
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS




CHART 2, - EFFECT OF CONTROLS ON SPIN CHARACTERISTICS OF XB~-35 MCDEL WITH SLCTS OPEN

ﬁoml loading; landing gear retreoted: landing and pitoh flaps neutral; recovery by rapid full reverssl of rudders (steady~spin data
presented for, end recoveries attemptea from, spins with initial rudder setting indiocated); right ereot spinsj

Rudders full against spin Rudders full with spin
44 | 4D §7 [ 10
8
318( .22 377 .26
29[ 11D oo
377} 411 No spin
No spin ] o #&pin
b M b
30 | 4D |8
329 .24 «Y@*’;’
e
No spin Po sjpin
«“"9\’
i
No spin No 8| pin
o
M
b ) E
26 5D B
\
350|423 No gpin
No dpin No s|pin
No spin No gpin
a L Modsl values a
Spins with large radius.
oicillator 8 gin ; converted to (deg) | (deg)
¥ 8pine corresponding \J Q
full-scale values. ( (fps) | (rpa) |
U inner wing up Turns for
D inner wing down recovery

©2 means model would not recover
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS



CHART 3'« = EFFECT OF CONTROLS ON T!E SPFIN CFARACTERISTICS OF THE XB-35 MODEL WITI BOTH PITCH FLAPS DEFLECTED DOWN 15 DEGREES

.m,o;ﬁw loading; lending geer retracted; landing flape neutral; slots closed; recovery by rapid full reversal of rudders (steady-spin data
presented for, and recoveries attempted from spins with initial rudder setting indicated) right ersct 'spins]

Rudders full against spin Rudders full with spin
a
57| 10
255 [+25
oo
No 4pin . No sjpin
pin ] No spin
o .
ﬁ ©
25 | 4p 8 28| 1w
360] +26
3
A.v@’ de
No spin Ho apin :
\ % '
pin e o spin i
. L]
u|d
SHE
&8
/
No gpin o spin
No spin Nosgpin
in. No spin
£0scillates in pitch. Modsl values [ #
Visual observetion. converted to aﬂwv Emmv
corresponding
full-scale values. | (fps) | {rps) |
U inner wing up Turns for
D 1inner wing down L__recovery |

OO means that model would not recover
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS




CEART 4. - EFFECT OF CONTROLS ON SPIN CHARACTERISTICS OF XB=-35 MODEL WITH MASS EXTENDED LONGITUDINALLY

EY and Iz increased by 30 percent of Iy from normal; landing gear retracted; landing and pltch flaps neutrals slots closed; recovery by rapid full reversal
of rudders (steady-spin data presented for, and recoveries attempted from, spins with initial rudder setting indicated); right erect spins]

I . Rudders full against spin Rudders full with spin
28] 5D 41] 30
8 S
320,15 266 .22
oo
383
c
>4
Mo gapin No_ gpin
b
P
33 | 8D B 29| 10
b “ b
- 250 | «19 372 |15
o <
pes s >4k
- \‘mgex
: o spin 105"
: No spin
: o
Mg b
2 &
25| D 'ﬁ."g 26 | 1U
350,18 378 {420
c
. 8
No dpin No sgpin
No spin INo spin
ESpins with large radius. Modsl values a
oCseillatory spin. converted to (deg) | {deg)
Visual observation. corresponding \J Q
full-scale values. (fps) | (rps)
U 1inner wing up Turns for
D 1inner wing down recovery

oo
means model wor
NATloleAq. Anl')v !ot;tgccm":: FOR AERONAUTICS



CHART §+ = EFFECT OF CONTROLS ON THE SPIN CHARACTERISTICS OF XB-35 MODEL WITH THE CENTER OF GRAVITY
MOVED FORWARD OF NORMAL

@ob&on of gravity 7.5 percent M.A.C, forward of normal; landing gear retracted; landing and pitch flaps neutral; slots closed; recovery by wapid, full
- ins wi ixs s . .

-end recoveries attempted fram, __rudder setting indicated); right erect sping]
Rudders full against spin . Rudders full with spin
seey] spix ~ptee pin|
steed spiy Eteop spin
pteef min . Yo sipin
]
CIES
o
Bla .
wlo
No_spin A,ommwa (No_mpin |
_ e ’
o slp in No spin
A.%o.v
(G
No sppin Fo spin
I _lll
s
BIE
pla
0le
No gpin o _spin
\ No spin o spin m
No sipin Nospin \_l

Model values a [}
converted to (deg) | (deg)
corresponding \ Q
full-scale values. fps) i (rps) |
U inner wing up Turns for

D inner wing down recovery.

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS



CHART 6+ = EFFECT CF CCNTROLS ON THE SFIN CEARACTERISTICS OF THE XB~-35 MODEL WITH THE CENTER OF GRAVITY MCVED
REARWARD OF NCRMAL

Nmmswmﬂ of gravity moved 5.8 percent M.A.C. resrward of normal; landing gear retracted; landing and piteh flaps neutral; slots closed; recovery by rapid full

reversal of rudders {steady-spin data presented for, and recoveries attempted from, spins with initial rudder setting indicated); right erect mwwsmu

Rudders full against spin

No spin

No quu
No gjpin

No s|pin
[No ajpin

8Cccasionally oscillated out of spin.

26

8D

320

12

stick
back

e
(]

34

7

B20

.18

stick

Torward

<«
T

e

Rudders full with spin

53 | 1D

288 [+ 13

No spin

329 p12

2}, 4

o apin

25 | U

298 | .18

Model values
converted to
corresponding
full-scale values.
U inner wing up
D 1inner wing down

o° means model would not recove
NATIONAL ADVISORY

64 |1U

253 [«23

49|10

282 |18

35 | 2D

529 | «15

o
(deg)

Emm )

v
fps)

Q
{rps) |

Turns for
recovery

1
COMMITTEE FOR AERONAUTICS




CHART T« = EFFECT (F CONTROLS ON THE SPIN CHARACTERISTICS OF THE XB-35 MODEL WITH THE CENTER OF GRAVITY
MOVED REARWARD OF NORMAL

muon.«ou. %.H_ gravity moved 1146 percent K.A.C. rearward of normal; lending gear retracted; landing and pitch flaps neutral; slots closed; mcovery by -
;UMQ>L<Q~.8H of rudders (steedy~spin date presented for, and recoveries attempted wnoawmwwbm with initiel rudder uo.«d.wum indicated ks *ight srect -w._.u»u
Rudders full against spin Rudders full with spin
741 1D
o gpin 239 [o23
71} 2D
4,4
No apin 234 |.21
2, 2,
No sjpin No gpin
Yuf
it O
K 73] b
No sbin 234{.21
n.vmx? X 66] 0 3, 3
No spin 249 419 ’ .
o) 56| 3D ,
| n- o %, s,
No in 255 |o17
a, &
&m 1 s
3k .
@l oy 60} 1p
¥o MM.\B 244 [.19
3
1z, 2
Ho gpin No slpin
Vo spin No spin \
wﬂ.mcwu. observation.

Oscillatory. Model values Q [
converted to Eﬂmv Emﬁ
corresponding
full-scele values.  (fps) | (rps)
U inner wing up Turns for
D inner wing down L__recovery

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS



ﬁzSﬂEH loading; landing geer extended;
(steady-spin data presented for, and

CHART 8.

~ EFFECT OF CONTRCLS ON THE SPIN CHARACTERISTICS OF XB~-35 MODEL IN THE LANDING CONDITION

landing fleps down 60 degrees; piteh flaps up 30 degrees; slots open; recovery by rapid full reversal of rudders
recoveries attempted from, spins with initial rudder setting indicated); right erect mwwumu

Ruddders full egainst spin

31| 4D

320].15
27 | 8D
35( .13

)

22 | 6D
Y

360] 417
383

a

26 | 4D
8

308].18
35 _| 6D
340{,16
wOmcw:mﬂoﬂJ

1¢wow
~es®

47| 3D
276 {421
28 | 4D
320 «20
33 | 2D
329] .21

stick
back

ic
forward

o

)

ok

o

Rudders full with spin

No gpin
No gpin

No s[pin
No spin

No sjpin
No spin

Model values
converted to
corresponding
full-scale values.
U inner wing up
D inner wing down

No gpin

Aawmv Emmv

\J Q
(fps) | (rps) |

Turns for
recovery

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS




CHART 9. = EFFECT CF CONTROLS ON THE SPIN CHARACTERISTICS OF XB-35 MODEL IN IANDING CCNDITION WITH

SLOTS CLOSED

Eiormal loading; landing gear extended; lesding flaps down 60 degrees pitch flaps up 30 degrees; récwery by rapid fullvrevo'rsal of rudders
for, and recoveries attempted from, spins with initial rudder setting indicated) right erect . spins

Rudders full against spin

30 1 3U
303) «16
26 | 3U
19 .14
29 | 3U
[y
319 [+20
292U
. 319].21
33 | 2U /
3241 .19
Oscillatory.

40

2U

276(+20

35

4U

298

21

30

40

308

»22

clnoreuing radius, may not spin.
Spins with large radius.

1
ane
o

stick
back

stick

forward

ot

Rudders full with spin

O means that model would not recover

30 |0
340| .16
b o0
o ajpin
a
340
00
No sjpin
No spin
R, C
Nospin
No gpin
Model ‘values . ]
converted to (deg) | (deg)-
corresponding v Q
full-scale values. (fps) | (rps)
‘U inner wing up" Turns for
D inner wing down L__recovery.

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS



Figurel.- Drawing of 1/57.33-scale model of the Northrop XB-35 airplane.
Model is shown with landing gear extended and slots open.
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Figure 2.~

5733 - scale model of the Northrop XB-35 airplane.
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